* Correspondent: ccostello@bresnan.net I examined dispersal, home-range establishment, and home-range fidelity in American black bears (Ursus americanus) using radiotelemetry data for individuals whose natal ranges were known (n 5 43), individuals whose natal ranges were identified using microsatellite DNA (n 5 13), and individuals whose natal ranges were unknown (n 5 86). Dispersal was highly male-biased. Nearly all males emigrated 22-62 km from their natal ranges between the ages of 1 and 3 years. Some males continued to float, moving their ranges 15-68 km between successive years. Most males settled into a permanent home range by age 4 years, and all males settled by age 7 years. One 8-year-old male apparently did not disperse and resided only 7 km from his natal range. Females were more philopatric and settled 0-7 km from their natal ranges. Only 1 female moved her range .20 km at the age of 5 years. The adaptive significance of male-biased natal dispersal is discussed.
Dispersal affects the dynamics and spatial genetic structure of populations. The difficulty and expense of tracking dispersing animals has limited data on this behavior in large carnivores. Radiotelemetry is the only reliable means of documenting dispersal movements in American black bears (Ursus americanus), because of their secretive nature and low visibility. Nevertheless, many researchers have been reluctant to radiocollar juvenile bears, particularly males, because of the risk of collar injuries resulting from rapid growth and loss of telemetry contact.
Dispersal can be considered a process composed of 3 stages: emigration, movement, and immigration (Bowler and Benton 2005) . Most studies of black bear dispersal have focused on the emigration phase. By revealing high levels of emigration by young males but little emigration by females, these studies have shown that rates of dispersal in black bears are male-biased. In Minnesota, Massachusetts, Alaska, and Colorado, only 6% of 79 juvenile females emigrated from their natal ranges, whereas 100% of 62 juvenile males emigrated (Beck 1991; Elowe and Dodge 1989; Rogers 1987a; Schwartz and Franzmann 1992) . Of 54 cases where age was reported, 11% of males emigrated as yearlings, 67% as 2-year-olds, 19% as 3-year-olds, and 2% as 4-year-olds (Beck 1991; Rogers 1987a; Schwartz and Franzmann 1992) . Ages of female emigrants were not reported systematically, but at least 1 emigrated by age 2 years (Elowe and Dodge 1989) , and 3 others emigrated at 3-4 years (Rogers 1987a) . Reported straight-line dispersal distances were 3-15 km for dispersing females and 13-219 km for dispersing males (Beck 1991; Elowe and Dodge 1989; Rogers 1987a) . Other studies have found that radiocollared juvenile males (whose natal ranges are unknown) often roam widely, and this ''floating'' is probably associated with natal dispersal (Garshelis and Pelton 1981; Pacas and Paquet 1994; Wertz et al. 2001) .
Dispersal often carries a mortality cost (Waser et al. 1994) , and in the studies summarized above, most dispersing males died, shed their transmitters, or were lost from telemetry contact. Thus, information about the period of floating and timing of home-range establishment is lacking. Rogers (1987a) reported that age of home-range establishment ranged from 2 to 7, with most males settling by age 4. His methodology was unclear and appeared to be based primarily on capturerecapture data. Several studies have reported that home ranges were stable for adult bears, but most were based on only 1-2 years of monitoring (Alt et al. 1980; Amstrup and Beecham 1976; Wertz et al. 2001) , so their analytical power was low.
The goal of this study is to provide a more comprehensive description of the entire process of dispersal. Like previous studies, I determined the timing and distance of emigration based on movements from natal ranges, but I also estimated the period of floating and the timing of home-range establishment based on fidelity of individuals to their home ranges over time. My novel approach provided better insight into black bear dispersal patterns than have previous studies. w w w . m a m m a l o g y . o r g
MATERIALS AND METHODS
Study areas.-The 310-km 2 northern study area was located in the Sangre de Cristo Mountains of northern New Mexico. The 420-km 2 southern study area was located in the Mogollon Mountains of west-central New Mexico. Dominant habitat types included pinon-juniper (Pinus edulis-Juniperus spp.) woodlands, oak-mountain mahogany (Quercus spp.-Cercocarpus spp.) scrub, and conifer (Pinus ponderosa, Pseudotsuga menziesii, Abies concolor, Picea engelmannii, and Abies lasiocarpa) forests. Elevations ranged from 2,070 to 3,793 m in the northern area and 1,750 to 3,035 m in the southern area. More detailed study area descriptions were reported by Costello et al. (2001 Costello et al. ( , 2008 .
Capture and telemetry.-Individual bears were marked and monitored using trapping, den investigations, and radiotelemetry between September 1992 and June 2000 as detailed by Costello et al. (2001) and Inman et al. (2007) . Capture and handling protocols were developed using guidelines similar to those of Gannon et al. (2007) and were approved by Hornocker Wildlife Institute and New Mexico State University Institutional Animal Care and Use Committee. Nearly all adult (5 years) and subadult (2-4 years) females captured were radiomarked with collars or ear-tag transmitters (n 5 99), but adult males were radiomarked as needed to maintain a sample of about 10 individuals each year (n 5 53). Initially, captured subadult males also were radiomarked (n 5 29), but this practice was terminated after 1994 in favor of radiomarking yearling males in the den. Using telemetry, winter dens were visited and yearling females (n 5 28) and males (n 5 30) were radiomarked when accessible. Adult, subadult, and yearling bears were chemically immobilized, but 6-to 8-week-old cubs were handled in their dens without immobilization. Handled bears were sexed, measured, and marked with ear tags and lip tattoos. A vestigial premolar tooth was extracted for age determination based on cementum annuli (Willey 1974) . Radiomarked bears were located from fixedwing aircraft on a 14-d schedule during the active season (i.e., outside of hibernation). Locations were recorded using Universal Transverse Mercator grid coordinates to the nearest 0.1 km on United States Geological Survey 7.5-min maps (http://store.usgs.gov).
Spatial analysis.-I compiled telemetry, capture, recapture, den, and mortality locations for radiomarked bears and classified them by season: den, premast (den emergence to 20 July), and mast (21 July to den entry). I restricted analyses to 187 bears (105 females and 82 males) with 3 locations obtained within the premast season of 1 year. Although this number of locations was low, it was similarly low for all bears. Mean number of premast locations was 6.1 (SE 5 2.1), and mean number of total locations used for annual ranges was 10.9 (SE 5 4.0). The premast season was characterized by low availability of fruits and nuts, and bears typically focused their activity in 1 area during this season. In contrast, they traveled more widely in search of mast, such as acorns, during the mast season (Costello 2008) . My primary interest was defining the center and boundary of this area of focused activity on an annual basis. Replicating methods I used previously for analyses of multi-year home ranges for bears with 30 total locations (Costello 2008) , I calculated a 50% kernel home range (Silverman 1986 ) for each bear-year (n 5 477), using the Animal Movements extension (Hooge and Eichenlaub 2000) developed for use with ArcView software (Environmental Systems Research Institute, Redlands, California). I used a common smoothing parameter for all males (3800 m) and all females (1800 m), which was the rounded mean of h ref for multiyear home ranges of those individuals with 30 locations (Costello 2008) . Use of a common smoothing parameter greatly reduced the variability in annual homerange sizes; the coefficient of variation was 0.29 for females and 0.41 for males using the common smoothing parameter, but 2.6 and 1.7, respectively, using h ref . Eighty-five percent of annual ranges were represented by a single contour (1 contiguous area). When ranges were represented by 2, or more rarely 3, contours, 1 contour typically contained predominantly premast-season locations, the other(s) mastseason locations. I estimated the home-range center as the geometric center (i.e., centroid-Hooge and Eichenlaub 2000) of the polygon containing the premast-season locations.
I analyzed dispersal using 2 samples. The ''known'' sample (n 5 73 bear-years) included annual ranges of 43 bears 1st handled as cubs in the den. These bears were monitored with radiotelemetry from age 1 year and their natal ranges were known from monitoring their mother. Adding to this known sample, the ''expanded'' sample (n 5 95 bear-years) included annual ranges of another 13 bears whose mothers were identified unambiguously by analysis of microsatellite DNA (Costello et al. 2009 ). For bears with mothers identified using DNA, I assumed their natal ranges were the same as the established ranges of their mothers. For both samples, I determined whether annual home ranges overlapped the natal ranges and the distance between centers of the annual range and the natal range. Finally, I analyzed home-range fidelity for 135 bears (49 bears from the previous samples, plus 86 other bears) with annual home ranges obtained for 2 successive years (n 5 316 bear-years). For these, I determined whether successive annual ranges overlapped and the mean distance between successive home-range centers. To avoid underestimation of home-range overlap due to small numbers of locations, a minimum distance between home-range centers was necessary for ranges to be considered nonoverlapping. These distances were based on mean home-range radii (Costello 2008 ) and were 4.8 km for females or mother-daughter pairs, 7.7 km for mother-son pairs, and 10.6 km for males. Differences in distances between overlapping and nonoverlapping ranges were generally large, and only 2 of 411 observations of overlap were revised using these minimum distances.
RESULTS
Sample size decreased with age due to mortalities and transmitter failures (Fig. 1) . Natal emigration was malebiased. All yearling males resided within their natal ranges for most of the year, but a few 2-year-olds, and all 3-year-olds moved sufficiently far that their annual ranges did not overlap their natal ranges. These emigration distances were 22-61 km, with a mean of 40 km (n 5 5). Males emigrated during fall as yearlings (n 5 2), during fall as 2-year-olds (n 5 1), or during spring as 3-year-olds (n 5 2). In contrast, all females overlapped their natal ranges for as long as they were monitored. By age 3-5 years, female distances from natal to annual range centers were 0-5 km, with a mean of 2 km (n 5 7).
Among the expanded sample, some 2-year-old males, most 3-year-old males, and half of males 4 years old emigrated from their natal ranges (Fig. 2) . Distances ranged from 22 to 62 km, with a mean of 38 km (n 5 7). One 8-year-old male apparently did not disperse and resided only 7 km from his suspected natal range. Nearly all females overlapped their natal ranges for as long as they were monitored. By age 3-5 years, female distances from natal to annual range centers were 0-5 km, with a mean of 3 km (n 5 13). One 8-year-old female apparently dispersed 7 km from her suspected natal range.
Among all bears monitored in 2 successive years, young males displayed low year-to-year fidelity to home ranges (Fig. 3) . From ages 2 to 6 years, 17-67% of males were observed to use ranges that did not overlap those of the previous year. Movements were most common among 3-and 4-year-olds. Floating bears moved 15-68 km between years, with a mean of 46 km (n 5 8). Long-distance, interannual dispersal was rare among females; 1 female dispersed 20 km at age 5 and remained in this new range for at least 2 years. By age 7 years, no bears of either sex were observed to disperse permanently from their home ranges of the previous year. A 19-year-old male temporarily shifted his home range by about 20 km during 1 of 7 years of monitoring, and an adult female repeatedly shifted her annual activity between 2 distinct ranges separated by 33 km.
DISCUSSION
My results corroborated previous studies, which have demonstrated nearly universal dispersal among males and a high degree of philopatry among females (Beck 1991; Elowe and Dodge 1989; Rogers 1987a; Schwartz and Franzmann 1992) . Most males emigrated distances of 2-6 home-range diameters (Costello 2008 ) from their natal ranges, similar to findings from Minnesota (Rogers 1987a) . Although longdistance emigration appeared the norm, evidence indicated that 1 of 8 males resided within a single adult home-range diameter from his natal range. Relatively short emigration distances also were documented in other studies (11-13 kmBeck 1991; Rogers 1987a) . Similar to other studies, female dispersal was rare, and permanent movement in excess of 20 km was observed only once.
Evidence indicated that the floating period varied from a few months to a few years. Among the 5 males monitored since birth, 3 settled in new home ranges (possibly their permanent ranges) within the year of emigration, whereas the other 2 remained transient during the emigration year and into the next. All dispersing males emigrated by the age of 4 years, but some males did not settle until the age of 6 years, suggesting that at least some males floated for 2 or more years. I documented 1 male, whose natal range was unknown, that was transient for 3 years between the ages of 3 and 6 years. Despite traveling a roundabout path with movements summing to .400 km, his end points were only 3 km apart. Such movements may account for some of the short dispersal distances observed among males.
Most bears settled by the age of 4 years and all bears settled by 7 years. Home-range establishment may be a prerequisite for reproduction in both sexes. Clearly all philopatric females were present within their permanent home ranges before their 1st breedings, but even the female that evidently dispersed as a 5-year-old 1st bred as a 6-year-old after establishing her new home range. Male ages of 1st breeding were 3-9 years, with an unbiased mean estimate (Garshelis et al. 1998 ) of 6.5 years (Costello et al. 2009 ), synchronous with observed timing of home-range establishment. Underscoring this, I observed no floating after 1st breeding, but was aware of several young males that showed fidelity to their home ranges in the absence of any documented reproduction. I found no evidence that bears of either sex undertook secondary dispersal once their home ranges were established.
Male-biased dispersal is common among mammals, and among other carnivores (Waser and Jones 1983) . Nevertheless, the extreme bias observed in black bears is unusual and approaches the complete bias observed in only a few mammalian species (Lawson Handley and Perrin 2007) . Inbreeding avoidance was concluded to be the cause of dispersal in several species exhibiting an extreme sex bias (Cockburn et al. 1985; Kerth et al. 2002; Pusey 1987) . Given that an extreme sex bias has been observed repeatedly under a variety of habitat and population conditions, inbreeding avoidance (Dobson and Jones 1985; Greenwood 1980; Pusey 1987 ) may be considered the simplest explanation for malebiased dispersal in black bears. In New Mexico, distances between home-range centers of mating pairs were 1-18 km, with a mean of 6 km (Costello et al. 2009 ); thus the .20-km male dispersal distances typically observed would serve to minimize the encounter rate between males and their philopatric, close female kin. An analysis of the spatial genetic structure of our populations revealed a low potential for close inbreeding, despite additional evidence of some short-distance dispersal among males .
Dispersal by males and philopatry of females may provide additional fitness benefits to each sex. Mate competition (Dobson 1982; Dobson and Jones 1985; Greenwood 1980) may be a driving force for dispersal by males (Rogers 1987a) . Males engage in scramble competition for mates (Costello et al. 2009; Kovach and Powell 2003) , thus dispersal may provide them with the means to establish a range with adequate food and mates but few competing males (Rogers 1987b) . High immigration by juvenile males into areas where adult male density was low has been observed (Kemp 1976; Rogers 1987b; Young and Ruff 1982) . In New Mexico, paternity analyses indicated that young males (,7 years old) were more likely to father offspring when density of older males (7 years old) was lower (Costello et al. 2009 ). Also, analyses of spatial genetic structure suggested that short-distance dispersal by males was more common in the lower-density southern study area than the higher-density northern study area ). These results suggest that young males may achieve high fitness by staying close to their natal ranges if chances for immediate breeding are available. Fitness of female black bears is largely determined by nutritional status and availability of food (Costello et al. 2003; Elowe and Dodge 1989; Noyce and Garshelis 1994) . Philopatry may benefit females by allowing them to efficiently exploit resources needed for successful reproduction within a home range that is familiar to them.
Male-biased dispersal by black bears probably has multiple causes (Dobson and Jones 1985) , including inbreeding avoidance, mate competition, and resource competition. I suspect the selection pressures of all of these factors have produced a fixed tendency for transience in young males and philopatry in females. 
